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1.Introduction
Recently, the excitons in semiconductor have been the subject of the intensive theoretical and the experimental investigation. One of reasons is its technological impact on quantum electronics and photonics. Especially, people have studied some optical properties of the excitons in the confined quantum system , such as the quantum dot, the quantum wires, and the quantum well [1] [2] [3] [4] [5] [6] [7] [8] .
It is well known that if the emitted light field is in squeezing state, the fluctuation of one of its quadrature phase components will be reduced at the expense of an enlargement of the fluctuation in the conjugate partner. The quadrature phase component with reduced fluctuation could be applied to the low noise optical communications and the ultra-precise measurements. Many efforts have been dedicated to generate the squeezing state of the light field both theoretically and experimentally [9] [10] [11] [12] [13] [14] [15] .
In this paper, the emission of the high density excitons in quantum well under classical pump field is studied. We assume the quantum well is placed in the microcavity. The excitons interact only with a single mode of the cavity field. The reservoirs for both the excitons and cavity field have been taken into account. The stationary analysis of the system have been carried out by using the Fokker-Planck equation. The small fluctuations approximation around stationary state is used to studying the quadrature squeezing properties of the output light field.
Model and master equation
We know when the density of the excitons become higher, the ideal bosonic model of the exciton is no longer adequate (In the case of GaAs Quantum well, the ideal bosonic model become inadequate when the density of the excitons exceeds 1.3 × 10 9 cm −2 [16] ). One way of dealing with these deviations is to introduce an effective interaction between the hypothetical ideal bosons. We consider the GaAs quantum well is placed in a microcavity, and the excitons in the quantum well are pumped by the classical light with the frequency ω b . Under rotating wave approximation, we have the Hamiltonian as following:
where:Ĥ
ω c and ω b are frequencies of the cavity field and the excitons respectively, g is the coupling constant of the excitons and the cavity field, we assume it is a real number. The fifth term of the equation (2) is the pumping term. The pumping field is taken as a classical driving
field. E is in proportion to its amplitude. G is the coupling constant of the effective exciton-exciton interaction, it is a positive real number.
The time evolution of the exciton and the cavity field system is described by the master equation of the reduced density operator. In Schrodinger picture , the master equation, which is based on the Born-Markoff approximation, is written as following:
where γ 1 and γ 2 are dissipative rates of the cavity field and the exciton.
Classical equation and small fluctuation analysis
By using two modes positive P representation [17] , we can convert the operator equation (3) into c-number Fokker-Planck equation:
where
, α 1 is eigenvalue for the coherent state of the light field and α 2 is eigenvalue for the coherent state of the exciton. We have transformed to the rotating frames of the cavity field and exciton by:
In terms of the positive P representation, α 1 (α 2 ) and α 
η i (t) are stochastic fluctuation forces with zero means and satisfy the delta correlated function:
The exactly solutions of the non-linear equation (6) 
Now α 1 (α 2 ) and α 
Then we consider the case that the system deviates somewhat from its stationary state, setting:
Substitute the equation (16) into the equations (8-11) and only keep the fluctuations in the first order, we get the linear motion equations for δα i and δα + i as following:
Where,
. Now we seek for the solutions of the equation (17) of the form e λt . The eigenvalue λ can be obtained from the equation
in which I is identity matrix. The eigenvalue equation deduced from the equation (18) is
The eigenvalues are :
When all the four eigenvalues have the positive real parts, the stationary state (α 
We abbreviate this equation as following:
and will discuss the squeezing properties of the output field based on it in the next section.
4.Quadrature component squeezing of the output field
The fluctuation spectra of the cavity-field in the stationary state are the Fourier transform of the correlation functions < α i (t + τ ), α j (t) > in the positive P representation:
Substituting the equation (16) into the equation (24), we have:
The fluctuation spectra will be obtained [18] as following:
where I is the identity matrix and T stands for transpose. A and D are defined by equation(23). After somewhat tedious calculation, the fluctuation spectrum of the cavity field will be obtained:
The creation and annihilation operators for output fieldâ out (t) andâ + out (t) will be presented by two quadrature phase componentsX ± as following:
Ω is the frequency of the cavity field and θ is a reference phase. The normally-ordered squeezing spectrum for each quadrature phase component of the output field may be expressed by the fluctuation spectra of the cavity fielde [18] :
:
If we choose the phase
where θ 1 is the phase of the coherent state of the light field. The normal squeezing spectra of the quadrature componentsX ± for the output field are:
The most interesting part is the low frequency part. At ω = 0, the corresponding values are : Now we consider the case of ω = 0 , it corresponds to the resonance output. That is:
in which Λ 0 denotes Λ(ω = 0). In the case
theX + component will be squeezed at ω = 0. If if 
theX − component will be squeezed at ω = 0. It deserves to be mentioned that when G = 0, namely the interaction between the excitons can be neglected, the fluctuation spectra of the output field are zero. This means that in this case the output field is a coherent light field as expected.
Conclusion
The quantum statistical properties of the field emitted by the high density exciton laser have been discussed. The conditions for the stability of the stationary state also have been
given. The small fluctuation approximation around the stationary state is made to deduce the fluctuation spectra. We show that either the output qudrature phase components could be squeezed under certain conditions.
